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Elucidation of the endoderm gene regulatory network by
integrating computational methods and perturbation
analyses in Xenopus
Ken W. Choa, William Chiua, Rebekah Charneya, Ira L. Blitza,
Scott Christleyb, Qing Nieb
aDept. of Dev. & Cell Biol., Univ. of California, Irvine CA, USA
bDept. of Mathematics, Univ. of California, Irvine CA, USA
Emergence of the primary germ layers is among the earliest
events of cell specification in animal development. Understanding the
mechanisms of germ layer formation and subsequent patterning has
implications for the treatment of human disease. Our goal is to
describe the underlying logic of genetic programs regulating
vertebrate mesendoderm development. Traditionally, Gene Regula-
tory Network (GRN)s have been constructed using a combination of
mapping of transcription factor (TF) binding sites, physical binding of
TFs to these sites, and demonstration of the importance of both to
gene expression output. This approach is both labor and time
intensive. Another approach, utilizing a combination of computa-
tional methods with extensive perturbation analysis, can produce a
GRN that, while lacking in the details of direct physical interactions,
has the advantage of rapidly generating a global perspective. We
generated large transcriptome profiles from tightly spaced stages of
early Xenopus embryogenesis to permit modeling of the dynamics of
changes in transcript levels. These data are incorporated along with
morpholino knockdown studies to perturb relevant gene expression.
Computational modeling was used to identify critical core networks
regulating endodermal development. We will discuss how such an
approach can be applied to create a GRN model.
doi:10.1016/j.ydbio.2010.05.032
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Oct4/Pou5f1 controls differentiation timing in early
zebrafish embryo
Daria Onichtchouka, Geier Florianb, Bozena Poloka,
Daniel M. Messerschmidtc, Rebecca Mössnera,
Verdon Taylorc, Jens Timmerd, Wolfgang Drievera
aDept. of Dev. Biol. Uni Freiburg, Germany
bD-BSSE, ETH Zürich, Basel, Switzerland
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The transcription factor POU5f1/OCT4 controls pluripotency in
mammalian ES cells. pou5f1 homologues are expressed during the
gastrulation stages in vertebrates, and loss of pou5f1 function leads to
early embryonic lethality. Gastrulation and axial defects of zebrafish
pou5f1 MZspg mutant can be rescued by overexpression of mouse
Pou5f1, suggesting that Pou5f1 functions during gastrulation are
conserved in vertebrates. Using time-resolved transcriptome analysis
of zebrafish pou5f1 MZspg mutant embryos we found that differ-
entiation and patterning genes are prematurely expressed in MZspg
embryos, while expression of SoxB1 class genes and some transcrip-
tional repressors (i.e. FoxD3, Klfs, Her3 and Hesx1) is reduced or
absent. Our findings demonstrate that Pou5f1 controls differentiation
timing by activating a set of transcriptional repressors in each major
embryonic compartment. Pou5f1 alone can activate repressor genes
in the mesendoderm (e.g. foxD3) immediately after midblastula
transition (MBT). Pou5f1 together with SoxB1 proteins activates
repressor genes in the ectoderm and neurectoderm (e.g. her3, hesx1,
sox2, klf2b) with 2–3 h of delay after MBT. The significant overlap
between zebrafish and mammalian Pou5f1 targets together with the
ability of mouse POU5f1/OCT4 to functionally replace zebrafish
Pou5f1, suggests that the mammalian stem cell network may have
evolved from a basal situation similar to what is observed in teleosts.
doi:10.1016/j.ydbio.2010.05.033
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Bidirectional cell signaling and gene regulation in the root
vascular tissue patterning and growth
Ji-Young Leea,b, Jing Zhoub, Jose Sebastiana
aBoyce Thompson Institute for Plant Research, Cornell University, Ithaca,
NY, USA
bGraduate Field of Plant Biology, Cornell University, Ithaca, NY, USA
A key question in developmental biology is how cells exchange
positional information for proper patterning during organ develop-
ment. In plant roots the tissue organization is highly conserved
including a central vascular cylinder. In vascular cylinder, two water
conducting cell types, protoxylem and metaxylem, are patterned
centripetally and sugar conducting phloem cells are juxtaposed. Such
tissue organization occurs in the specialized stem cell population of
the root apical meristem. We found that xylem patterning and root
growth occur through crosstalk between the vascular cylinder and
the surrounding endodermis mediated by cell-to-cell movement of a
transcription factor in one direction and microRNAs in the other.
SHORT ROOT, produced in the vascular cylinder, moves into the
endodermis to activate SCARECROW. Together these transcription
factors activate MIR165a and 166b. MiR165/6 produced in the
endodermis acts to degrade its target mRNAs encoding class III
homeodomain-leucine zipper transcription factors in the endodermis
and the periphery of vascular cylinder. This posttranscriptional
regulation in a graded fashion results in differential distribution of
target mRNA in the vascular cylinder, which determines xylem cell
types and regulates root growth in a dosage-dependent manner. To
understand the nature of this dosage-dependent regulation in root
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stem cells, we profiled changes in expression of genes at a genome-
wide level under various perturbed conditions. How this process is
achieved at a genome-wide level will be further discussed.
doi:10.1016/j.ydbio.2010.05.034
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Mathematical modeling of gene regulatory network for somite
segmentation in mice
Daisuke Saitoa, Jun Takahashic, Shinji Takadab,c, Atsushi Mochizukia
aTheor. Biol., Riken Asi, Wako, Japan
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Vertebrate somitogenesis is a complicated process in which
temporal oscillation of somite clock genes is translated into spatially
periodical expression of segmentation genes. While molecular
components for somite segmentation and their prospective interac-
tions have been well documented, it is difficult to infer the
spatiotemporal dynamics generated from such networks. In this
study, we developed a simple mathematical model to understand the
dynamics of gene regulatory network underlying segmentation
process. Our model incorporated the gene regulatory network for
somite segmentation in mice with the idea of “clock and wavefront
model.” The model describes the dynamics of four proteins (NICD,
Mesp2, Tbx6, Ripply) and two mRNAs (Mesp2, Ripply) in one
dimensional array of cells, which represents a growing presomitic
mesoderm. We calculate the dynamics of segmentation genes for
wildtype and Ripply mutant conditions. The wildtype simulation
reproduces periodic expression of NICD and Mesp2 with a subse-
quent degradation of Tbx6 at a future segmentation border,
supporting that the modeled gene network is sufficient to explain a
wildtype phenotype. In contrast, the Ripply mutant simulation fails to
reproduce a mutant phenotype, indicating some unknown function of
Ripply. A subsequent experiment showed a novel function of Ripply.
We integrated this function into the model and confirmed that the
new model reproduces both wildtype and mutant phenotypes. A
comparison between two models demonstrated that the novel
function of Ripply is essential for the somite segmentation.
doi:10.1016/j.ydbio.2010.05.035
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Regulation of centrosome orientation in asymmetric division of
the Drosophila male germ line stem cells
Yukiko M. Yamashita, Hebao Yuan, Swathi Yadlapalli
Life Sciences Institute, Center for Stem Cell Biology, University of Michigan,
Ann Arbor, MI, USA
Adult stem cells are the source of continuous supply of
differentiated cells. Upon stem cell division, its daughters either
self-renew or differentiate, a balance of which is critical to tissue
homeostasis. To maintain this critical balance, many stem cells have a
potential to divide asymmetrically, giving rise to one stem cell and
one differentiating cell. Drosophila male germ line stem cells (GSCs)
divide always asymmetrically, producing one self-renewed stem cell
and one differentiating cell. This asymmetric stem cell division is
tightly controlled via stereotypical positioning of mother and
daughter centrosomes, leading to oriented spindle with respect to
the stem cell niche and thus asymmetric stem cell division. We show
that GSCs possess a novel checkpoint that monitors correct centro-
some orientation prior to mitosis, ensuring asymmetric outcome of
the division. We further show that Par1 kinase is the component of
this checkpoint. It has been proposed that stem cells might protect
their genome from accumulation of mutations by segregating older
copy of DNA strand (“immortal strand hypothesis”). The finding that
male GSCs segregate the mother centrosome has inspired the
discussion that the mother centrosome might be used as means of
segregating older DNA strand. However, to date, there is not a single
system where the fate asymmetry can be unambiguously identified
and the DNA strand segregation pattern was tested. Here we show
that male GSCs do not segregate their genomic DNA asymmetrically,
despite their stereotypical inheritance of mother centrosomes.
doi:10.1016/j.ydbio.2010.05.036
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Investigating ChIP-seq derived candidate cis-regulatory regions in
two different developmental systems
Katherine Fisher, Anil Ozdemir, Gordon Kwan, Shirley Pepke,
Anthony Kirilusha, Gilberto DeSalvo, Angelike Stathopoulos, Barbara
Wold
Dept. of Biol., California Inst. of Technology, Pasadena, CA, USA
We are using a combination of ChIP-seq, RNA-seq, and transfec-
tion assays to identify and test novel regions bound by tissue-specific
transcription factors in the mesoderm lineage in mouse and
Drosophila. In the fly system, the focus is on Twist, which is involved
in early dorsoventral patterning and later in myogenesis. In mouse
muscle, we have captured interactions of multiple MRF's and several
interacting factors in myoblasts and myocytes. After identifying
candidate regulatory regions, we are systematically analyzing the
motif composition of binding regions and testing the functional
significance by mutation and transgenesis. All previously known
mouse muscle enhancers bind the expected factors at genes that are
up-regulated upon muscle differentiation. Many of the genes
associated with myoD binding are not expressed in myoblasts but
are expressed in myocytes. MyoD thus prefigures active enhancer
activity. Previously unrecognized enhancers are also found at these
genes. However, a striking observation is that most genes have at
least one MyoD/myogenin binding domain. The vast majority of
these genes are not up-regulated during differentiation and ongoing




A combinatorial code of transcription factors specify
dopaminergic neuron differentiation across phylogeny
Oliver Hobert
Dept. of Biochemistry, Columbia University, HHMI, New York, NY, USA
Dopaminergic neurons are a diverse class of neurons that regulate
a variety of different behaviors across the animal kingdom. The
common denominator of all dopaminergic neurons is the expression
of a set of phylogenetically conserved proteins involved in dopamine
synthesis and transport (“dopaminergic terminal differentiation gene
battery”). We have deciphered the cis-regulatory logic that governs
the control the expression of the dopaminergic terminal gene battery
using the nematode C. elegans as a model system. Through the
dissection of gfp reporter gene constructs, we show that all genes
within this battery are co-regulated through the same cis-regulatory
logic. All genes require a combination of 3 cis-regulatory elements, an
ETS domain factor binding site, a HOX/Pbx binding site and a classic
homeodomain binding site. Through genetic screens, we have
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